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Abstract 

This study was prepared to investigate prospective biology teachers' cognitive structures related to "water". As 

the research design of the study, the case study was applied. The data were collected from 44 prospective biology 

teachers. The free word-association test, the drawing-writing technique and the semantic differential attitude 

scale were used as data collection instruments. The data were subject to content analysis and divided into 

categories through coding. In the analysis, the categories were formed and determined through the results of 

word-association test and drawing-writing test which were completed by the prospective biology teachers. With 

the help of these categories, the cognitive structures of prospective biology teachers were explained. These 

categories were determined as “the place and importance of water in life, the definition and chemical properties 

of water and water and metabolism”. It was determined that prospective biology teachers' semantic attitudes 

towards water were at a positive level in terms of mean scores of all adjectives considered; However based on 

each and every adjective, they mostly perceive water as compulsory, valuable and necessary. Moreover, the data 

collected through three data collection instruments indicated that prospective biology teachers had 

misconceptions about water considering the categories determined. 

Keywords: water, free word association test, drawing and writing technique, semantic differential attitudes scale, 

cognitive structure, misconception 

1. Introduction 

When the sea level rises, fish endeavor ants; when the water recedes, ants endeavor fish. In other words, 

superiority shifts from fish to ants, and vice versa.  

The superiority brought about by being an ant or fish does not mean anything but fooling oneself, because the 

subject and object depend on the movement of water.  

Water is an extremely mysterious natural resource which exists all the time, either in a visible or non-visible way 

depending on its location. In this respect, it is one of the most significant substances that have always had an 

influence on human life. The reason for this is that water is a fundamental building block that can be found in 

large amounts in all creatures. As stated by Akin and Akin (2011), water has always been necessary for human 

beings to perform such vital activities as nutrition, circulation, respiration, excretion and reproduction. In 

addition to being a fundamental factor in the formulation of a quality living environment, water is also a living 

environment on its own. Because it is a sine qua non for life, it is essential that high-quality water should be 

existent in the living environment. Water is one of the fundamental elements of life. As well as being a basic 

food, it plays an incredibly active role in a number of biochemical reactions happening in our body thanks to the 

minerals and compounds it contains. It performs a wide range of tasks from maintaining pH balance to providing 

a dispersion medium for molecules and organelles in cells, and to transferring waste to relevant locations. 

A life without water cannot be imagined, for water is everything to living beings and liveliness. As well as being 

a prerequisite for liveliness, water is also a living environment for living beings (Akin, Gulec, Sagir, Gultekin, & 

Bektas, 2005). In this respect, the consumption of water, which is such an invaluable substance for creatures, 

presents itself as a highly important subject. Occupying a prominent place in the life of all living beings, water is 

a significant concept not only for daily life but also academic life. That is because water is included among the 

fundamental concepts to be learned within the scope of many courses such as physics, chemistry, biology, 
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geography, history, hygiene etc. Since this concept concerns many disciplines, it causes students to have 

difficulty in forming conceptual structures related to the concept of water. The causes why students are 

successful or unsuccessful in learning concepts are important leading issue in educational research for an 

effective learning. In this sense concepts need to be structured appropriately in students' minds (Tatar & Koray, 

2005). In the current study, prospective biology teachers' conceptual structures related to water, were 

investigated through versatile perspectives using the free word-association test, the drawing-writing technique in 

addition to the semantic differential attitude scale.  

1.1 The Studies Conducted on Conceptual Structures of Water Concept 

There are many studies conducted to investigate students' conceptual structures about the concept of water. Each 

stage of the educational life places emphasis on such issues as the structure of water, water cycle, characteristics 

of water, water pollution and pollutants, the effect of water on human beings and transportation of water. Even so, 

it has been found that both students and prospective teachers/teachers have misconceptions about these issues 

(Stavridou & Marinopoulos, 2001). 

A review of literature suggests that studies are commonly focused on the opinions of participants about water, 

their conceptual structures, its meanings and alternative concepts. There are studies on revealing the conceptual 

structures of children about the states of water (Osborne & Cosgrove, 1983), evaporation and phase transition 

(Bar & Galili, 1994; Bar & Travis, 1991), of students aged between 10 and 18 years old about condensation, 

boiling, evaporation and states of water (Hatzinikita & Koulaidis, 1997), of secondary school students about 

atmospheric water vapor and evaporation at room temperature (Johnson, 1998), of children aged between 1 and 

6 years old about condensation and evaporation in a comparative manner (Tytler, 2000), of primary schools 

about air and water pollution (Stavridou & Marinopoulos, 2001), of high school and first grade university 

students about water literacy levels (Ewing & Mills, 2004), of primary schools students about the states of water 

(Boo, 2006), of students of various age groups about water (Thompson and Logue, 2006), of high school 

students about solubility (Koray, Akyaz, & Koksal, 2007), of first grade university students about boiling (Costu, 

Ayas, Niaz, Unal, & Calik, 2007), and of primary school students about water (Gooding & Metz, 2011). 

However, the number of studies on university students seems to be limited.  

On the other hand, a great majority of the studies conducted on water discussed only misconceptions. One of the 

fundamental reasons for this is that misconceptions contribute to students' academic failure. Misconceptions are 

not based on scientific facts and lead to difficulties in acquiring scientific knowledge. As a result, 

misconceptions make it more difficult to learn the concept of water concerning a variety of disciplines. 

Determining students' misinformation and lack of learning in their previous knowledge plays a crucial role in 

preventing future misconceptions (Seloni, 2005), and stressing the points that need special care while acquiring 

new knowledge. 

Several studies have also revealed that participants have certain misconceptions. For instance, students reported 

that clouds contain water and come down to the ground in the form of rainfall (Thompson and Logue, 2006), in 

addition, student teachers and students have misconceptions about the solubility of a chemical in water (Haidar 

& Abraham, 1991; Martin, 2001), and student chemistry teachers have misconceptions about evaporation and 

dewing (Haland, 2010). Studies have identified that students have difficulty in understanding the water cycle 

(Ben-Zvi Assaraf & Orion, 2010a) that their misconceptions resist change even after formal learning, and that 

learning often fails to overcome such misconceptions (Ben-Zvi Assaraf & Orion, 2005a). It has been discovered 

that most students limit watershed hydrology to condensation, evaporation and precipitation (Shepardson, Wee, 

Priddy, Schellenberger, & Harbor, 2007), whereas high school students have difficulty in understanding the 

processes of evaporation under normal circumstances (Bar & Galili, 1994). 

Students have been found to hold misconceptions about pollution, too. In one study, they reported that such 

situations as water pollution and consumption that have an effect on the water cycle and distribution of water 

resources have nothing to do with human-based activities (Agelidou, Balafoutas, & Gialamas, 2001). In another 

study, primary school students had misconceptions about water pollution (Stavridou & Marinopoulos, 2001). It 

was revealed that only 7% of the drawings made by students regarding the concepts of watershed hydrology 

could express the interrelated concepts between watershed hydrology and water cycle (Dove, Everett, & Preece, 

1999). Furthermore, students prove to be weak at understanding the link between plants and underground water 

(Ben-Zvi Assaraf, Eshach, Orion, & Alamour, 2012) and believe that plants can be grown in water without 

necessarily having soil (Barman, Stein, McNair, & Barman, 2006). They frequently fail to comprehend the 

geosphere (Ben-Zvi Assaraf et al., 2012). Most students regard underground waters as an independent system 

(inactive, lake, etc.) not linked with surrounding rocks (Ben-Zvi Assaraf & Orion, 2005a,b). In her study, 
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Ben-Zvi Assaraf et al. (2012) reported that students have insufficient “perceptions of the source of rain”, 

“explanations for water flow in the geosphere”, “explanations for water intake in plants” and “perceptions of 

human beings within the scope of water systems”. Similarly, Taiwo, Ray, Motswiti and Masene (1999) 

discovered that students have conflicting perceptions of the formation of clouds, precipitation and rainbow”.  

A number of studies have identified that high school and university students of biology have misconceptions 

about osmosis and diffusion. For instance, high school students were found to have misconceptions about 

“concentration and flexibility, the effect of osmosis and diffusion on life force, the kinetic energy of matter, 

membranes, the characteristics and casualness of the matter, processes of diffusion and processes of osmosis” 

(Fisher, Williams, & Lineback, 2011; Odom & Barrow, 2007; Zuckerman, 1998). In addition, students of biology 

have wrongly think that photosynthesis occurs without water (Hill, 1997) and students have reported that soil 

provides plants with food and water, and that plants feed on water (Anderson, Sheldon, & DuBay, 1990; Kose, 

2008; Songer & Mintzes, 1994; Tekkaya & Balci, 2003).  

When it comes to water, such issues as water, lack of water, water pollution, water consumption and careful use 

of water present themselves as significant problems afflicting societies (Mohapatra & Bhadauria, 2009). In 

recent years, environmental issues, especially pollution problems, have been widely discussed all around the 

globe. Students often regard pollution as something that has a negative influence on living beings. However, 

students report that the negative effect of air pollution on plants does not pose an ecological problem (Brody, 

1994), which suggests a clear misconception on the part of students. In general, students note that not everything 

in nature is polluted and that not everything existent in nature or occurring in the world gives rise to pollution. 

Even so, they believe that all that is produced for human race is harmful and brings about pollution (Ali, 1991; 

Brody, 1991, 1994; Boys & Stanisstreet, 1994; Boyes, Stanisstreet, & Spiliotopoulou-Papantoniou, 1999).  

As indicated in the related literature, almost all of the studies conducted on this issue included the participants of 

educational institutions excluding universities. In this vein, to the best knowledge of the author, there is not any 

study conducted to determine prospective teachers' and teachers' conceptual structures about water. The results of 

the current study are important, considering that the participants included particularly prospective biology 

teachers. In the following section, the tests of free word association, and the drawing-writing technique, and the 

scale of semantic differential attitudes were discussed, providing examples from the related literature, and later 

other examples were provided of the studies conducted particularly on water through using these techniques. 

Free Word-Association Test; Free word-association test is one of the most general and the oldest techniques that 

investigate students' cognitive structure. Free word-association test is a data collection technique used to 

determine individual's conceptual structures related to a concept. Concerning the literature review conducted, 

there is not any study conducted to investigate the participants' conceptual structures about the concept of water 

using the free- word association test. Therefore, it is believed that the results of the current study will fill this gap 

in the related literature. 

Drawing-Writing Technique; Drawing-writing technique is an efficient technique used to reveal students' 

learning thoroughly. A review of literature reveals that it is drawing technique that is most commonly used for 

identifying conceptual structures of individuals regarding water. Concerning the studies conducted in this context, 

in one of such studies by Cin (2004), the figures in the drawings of primary school students about sea included 

blue, fish living in the sea, people swimming in the sea, something large, wavy, long and salty. In addition, Dove 

et al. (1999) attempted to identify the hydrologic concepts of primary school students aged between 9 and 11 

years old on the basis of their drawings. Most of the students drew rivers flowing down from the right or left side 

of the page. Their drawings of rivers were grouped under three categories and words distributed across these 

categories, namely river characteristics, riverside characteristics and landscape characteristics. In an attempt to 

explain the difference between belief and understanding, Reis et al. (2002) presented sample drawings of water 

by students and scientists. The author compared the students‟ drawings of water (symbolic drawings) with those 

of scientists and revealed that the former were not scientific; therefore, the students could not have understood 

water and remained at the level of belief. Furthermore, in a study by Nyachwayaa et al. (2011), students 

formulated water using hydrogen (H) and oxygen (O). They expressed chemical molecules using models or 

drawings as well as employing such terms as components of atoms, molecules and ions. However, it was 

observed that the students did not use ions in their drawings. Reinfried, Tempelmann and Aeschbacher (2012), 

identified secondary school students‟ misconceptions about water springs in accordance with their drawings. In 

another study, Dickerson and Dawkins (2004) reported that secondary school students had alternative concepts to 

underground waters. The students mostly used such terms as “underground streams” and “underground pools”. 

Ben-Zvi Assaraf (2012) analyzed the drawings of fourth grade primary school students with different cultural 

backgrounds regarding the water cycle and could form the following categories: the atmosphere, the hydrosphere, 
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the biosphere and the geosphere. As regards these categories, there was a significant difference between rural 

students and semi-urban students, the difference being in favor of those living in rural areas. 

In another study, Shepardson, Wee, Priddy, Schellenberger, & Harbor (2009) revealed disconnected concepts of 

students aged 4 to 12 years old concerning the hydrologic cycle. Their drawings yielded four categories. The first 

category included water storage, transformation and transportation in different ways. The students thought of a 

hydrologic cycle involving water transportation, water storage and water transformation. Similarly, Celikler and 

Topal (2011) assessed prospective science teachers‟ knowledge about the water cycle and carbon dioxide through 

drawings. They found that they had taken into account neither the effects of living beings on the water cycle nor 

photosynthesis in the carbon dioxide cycle, which suggested that they had some imperfect knowledge. 

There are also many studies conducted using drawing-writing technique. In this regard, Rundgren, Rundgren, & 

Schönborn, (2010) conducted a study on those students enrolling in chemistry-biology and those students not 

enrolling in science courses and collected data on water transportation from the cell membrane. Among the most 

significant misconceptions were their unawareness of the specialized water channels in water transportation and 

their faulty thinking that most water molecules would cross the hydrophobic membrane diagonally through 

direct diffusion. In another studies, were conducted on issues such as primary school teachers' levels of 

understanding the biological concepts of gas exchange in photosynthesis and respiration processes (Lenton & 

McNeil, 1993), water cycle and environment for primary school students (Dove et al., 1999) and water systems 

(Ben-Zvi Assaraf & Orion, 2010b). 

Attitudes towards the Concept of Water; In literature, attitude is defined as “the core of human individuality”, 

“the permanent organization of an individual’s motivational, emotional, perceptional and mental processes 

towards an event or a psychological object”, “positive or negative sensual intensity”, and “learned tendency” 

(Bohner & Wanke, 2002; Fishbein & Ajzen, 1975; Muller, 1986). Attitudes, through cognitive, emotional and 

behavioral dimensions, play an important role in individuals' learning (Anderson, 1988; Bagozzi & Burnkrant, 

1985; Bloom, 1979). In this process, In this process, it is important that they adopt the facts when adopting 

attitudes (Verplanken and Hofstee, 1998). It is a long and important process for individuals to adopt and change 

attitudes. 

Since it is widely known that there is a positive relationship between cognitive success and emotional success, it 

is important for the teaching method to be followed when the individual adopts behavioral goals (Bloom, 1979). 

Attitudes can be measured by direct or indirect measurement techniques (Kagitcibasi, 2010).  

In the current study, prospective biology teachers' attitudes towards water were investigated through applying 

semantic differential attitude scale for the concept of water. However, when the related literature is concerned, to 

the best knowledge of the author, there is not any study that carries out such an evaluation. It is determined that 

the studies conducted on the attitudes towards water generally focus on certain issues. There are also other 

studies on attitudes towards the protection of underground waters (Lord & Bummer, 1992; Thayer, 1982), 

attitudes of people from different countries towards water (Lee, 2009), attitudes towards the use / thrifty use of 

water (Aitken, McMahon, Wearing, & Finlayson, 1993; Cheam, 2012; Gilbertson, Hurlimann, & Dolnicar, 2010; 

Gilg & Barr, 2006; Hurliman & Dolnicar, 2010; McPeak, 2009), attitudes toward water subjects (Ballweg, 1972; 

Duda, 2005; Praneetham & Thathong, 2012; Sari, Kärkkäinen, & Keinonen, 2011), responsibilities of people for 

the use of water (Thayer, 1982) and awareness of water (Anderson, 2010; Damanhouri, Al-Saleem, & AL-Ali, 

2012). 

1.2 Significance of the Research 

As can be seen in the studies, at each and every level of education, students and teachers had many alternative 

concepts. At this point, through applying triangulation and using free word-association test and drawing-writing 

technique, prospective biology teachers' conceptual structures can be determined, and their alternative concepts 

can be revealed. However, in the literature review on this issue, it is found out that there are a few studies using 

both free word-association test and drawing-writing technique to reveal prospective biology teachers' conceptual 

structures related to "water". Therefore, it is believed that the results of the current study conducted through 

using free-word association test and drawing-writing technique will fill this gap in the literature providing data 

of quality. Moreover, there is not any study that investigates prospective biology teachers' semantic differences 

towards the concept of water, and thus, it is believed that the data collected in the current study will contribute to 

the literature. Water is one of the important concepts that individuals face at any time in their lives, and whose 

effects either positive or negative can be felt. Considering the issue from prospective biology teachers' 

perspective, it is important for them to be competent in this subject as it will be their duty to teach the concept of 

water and related information to students effectively and correctly during their professional life. The aim of the 
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current study is to investigate prospective biology teachers' cognitive structures related to "water". In this vein, 

the following research questions were investigated: 

1. What is the prospective biology teachers' cognitive structures related to “water" using the free 

word-association test and the drawing-writing technique? 

2. How are the prospective biology teachers‟ attitudes towards the concept of water? 

3. What are the prospective biology teachers‟ misconceptions about the concept of water?  

2. Method 

The study was conducted through case study design which was found among qualitative research approach. Case 

study is a research design that is in the foreground to reveal how a group sharing similar characteristics reacts to 

a certain situation. According to Yildirim and Simsek (2006), case study is a research method which aims to 

provide an opportunity to reveal a fact with the perspective of related individuals. In this research design, 

through three types of data collection instruments, it is investigated how prospective biology teachers perceive 

the concept of water and how their cognitive structures evolve. 

2.1 Sample 

The study was comprised of 44 prospective biology teachers studying at the 4th and 5th grades of Ahmet 

Kelesoglu Faculty of Education in Necmettin Erbakan University. This study benefited from purposive sampling. 

Some criteria were taken into consideration in order to minimize the problems in purposive sampling (Knight et 

al., 2013). In this vein, several criteria were taken into consideration while selecting the participants such as 

having completed the field courses in Biology, willingness to participate in the study, being seniors in the 

department of Biology teaching and having completed the courses, and being available to the researcher. 

Moreover, the prospective biology teachers were informed by the researcher of the aim of the study and how to 

complete the measurement tool.  

2.2 Data Collection 

These types of measurement tools were used as the data collection instrument in the current study. These are: the 

free word-association test, the drawing-writing technique and the semantic differential attitude scale of the 

concept of water. The main purpose of using different data collection tools is to increase consistency, 

intelligibility and actuality (Glesne & Peshkin, 1992; Patton, 2002; Poggenpoel & Myburgh, 2003; Roberts 

Priest, & Traynor, 2006; Shenton, 2004).  

A Free Word Association Test: A free word association test is a technique which aims to determine a student‟s or 

a group‟s conceptual framework. This technique is quite efficient in revealing individuals' cognitive structures 

and conceptual changes (Hovardas & Korfiatis, 2006). Free word association tests are used in many studies (Ad 

& Demirci, 2012; Bahar, Johnstone & Sutcliffe, 1999; Koseoglu and Bayir, 2011; Ozatli and Bahar, 2010; Kurt, 

2013a, b) aims to determine the relationship between the cognitive structure of the student and the concepts in 

this structure (long term memory). This technique is based on the process in which an answer is suggested to a 

word that is used as an independent stimulus without limiting the mind to any specific response (Bahar et al., 

1999; Sato & James, 1999). The participants are required to provide the concepts that come to mind at a given 

time (40 seconds) (Gussarsky & Gorodetsky, 1990), the words that are provided as answers are subject to 

frequency distribution that is followed by an in-depth analysis. In this way, it is possible to determine the 

participants‟ descriptions and gather findings on the related meanings of the word used as a stimulus. These 

practices of using free word association tests help reveal the meanings related to various concepts used in studies 

(Daskolia, Flogaitis, & Papageorgiou, 2006). The word association test consists of two sections (Figure 1); 

In The First Section: The biology prospective teachers were asked to provide the very first 10 words that come to 

their minds in 40 seconds when they read or hear the concept “Water". The key concept is provided one under 

the other in order to prevent sequential answering as they would just consider their answer and provide the words 

regarding that word rather than focusing on the key concept, which would threaten the validity and the reliability 

of the study. In this study, the concept of “Water" has been provided for the biology prospective teachers to 

complete the free word association test. In this test, the concept of water has been provided in the following 

format as the stimulus word; 

Water-1 :………………………………….. 

Water-2 :………………………………….. 

Water-10 :………………………………….. 
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Figure 1. The Examples of Free Word-Association Test (P30) 

 

In The Second Section: Participants were asked to write a sentence about the key concept in a given 20 seconds. 

The answer associated with the key concept may also be a connotation product that does not have a meaningful 

relationship to the key concept at the level of recall. Also relevant sentence more complex than a single word 

answers and the lack of top-level structure of the sentence is to be scientific, whether it includes different 

misconceptions considering the possibility that the sentence provided can be more complex and of high structure. 

At this stage, the participants were asked questions such as "Please write a sentence on the concept of water". 

Drawing-Writing Technique: This technique is very crucial in that it helps collect natural and high quality data 

on students' hidden thoughts, understanding, points of view, attitudes, etc. (Garland, 2005; Levin & Bus, 2003; 

Pridmore & Bendelow, 1995). In addition, the drawing technique is very effective in terms of time management, 

since it is more convenient than other methods such as writing and behavior scales used to reveal changes of 

opinion, understanding and attitude, and allows the collection of data from various perspectives. It is also 

effective because it can be easily internalized (Atasoy, Kadayifci, & Akkus, 2007). 

On the other hand, it is aimed to investigate the views of prospective biology teachers about water concept by 

using drawing-writing technique (Rennie & Jarvis, 1995). This technique is very useful because it helps to 

collect natural and quality data about latency thoughts, understanding and attitudes during the study 

(Backett-Milburn & Mckie, 1999; Hayes, Symington and Martin, 1994; Pridmore & Bendelow, 1995; Reiss, et 

al., 2002; White & Gunstone, 1998). In this context, participants were asked to present their views freely within 

5 minutes without any limitation to the question “What is water? What do you think about water? Please 

describe it by drawing "(Williams, Wetton, & Moon, 1989). Below are some examples of the drawing-writing 

technique (Figure 2 and Figure 3).  

 
Figure 2. The Examples of Drawing-Writing 

Technique. The Answer Sheet for (P15) 
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Figure 3. The Examples of Drawing-WritingTechnique. 

The Answer Sheet for (P38) 

 

Semantic Differential Attitudes Scale of the Concept of Water: The scale wants participants to rate the concept 

of water according to their semantic differences and aims to reveal the participants' attitudes towards water. On 

this scale, the participants choose one of the adjectives in the opposite poles by considering their suitability to the 

water concept. This scale was measured by Osgood et al. (Russell and Hollander, 1975), proves to be effective in 

determining emotional features (Anderson, 1987). 

A scale of 5 or 7 points was used in this scale. A unipolar scale. It is a single pole rating scale defined by two 

opposite characteristics at opposite poles. In this study, the scale was designed and applied to the participants as 

a 5-Likert scale with appropriate attributes appropriate for the water concept. Studies investigating the relevant 

attitudes in determining the adjectives were taken into consideration (Ballweg, 1972; Cheam, 2012; Dickerson, 

Callahan, Sickle and Hay, 2005; Duda, 2005; Hurliman & Dolnicar, 2010; McDaniels, Axelrod, & Cavanagh, 

1998; Praneetham & Thathong, 2012; Sari et al., 2011; Thayer, 1982) and general adjectives are selected so that 

they are not associated with the specific dimensions of the subject. In biology education, two experts and 

measurement and evaluation were asked to seek advice during the development of the scale. Adjectives were 

evaluated as positive, negative, always (5 points), usually (4 points), sometimes (3 points), generally (2 points) 

and always (1 point). Following the calculation of each frequency, percentage and arithmetic values of each 

bipolar adjective, total attitude scores were calculated by taking the average of the responses of each 10 pairs. If 

participants' scores fell to 5 and 4 options, they were expected to adopt positive attitudes; If they fell to 3, they 

were supposed to adopt neutral attitudes, and if 2 and 1 were thinking of adopting negative attitudes. In this vein, 

the average positive attitudes of 3.5 and above; While 2.5 and 2.5 were average neutral attitudes, 2.5 and lower 

mean negative attitudes (Lohr and Bummer, 1992). Cronbach's alpha reliability coefficients were found to be 

0.90 according to semantic differential attitude scale. In this context, the participants were given a semantic 

different attitude scale related to the question ”which features do you find related to the water concept? The 

following are examples of the semantic differential attitude scale of the water concept. 

Required…….......…….…….…….…….Not required 

Sustainable…….......…….…….…….…….Unsustainable 

2.3 Reliability and Validity of the Data Collection Instruments 

In qualitative studies, validity means that a researcher observes the situation as objectively as possible and 

observes as much as possible (Yıldırım and Şimşek, 2006). It is also the approach that we believe in and plan to 

measure (Marvasti, 2004; Roberts et al., 2006). However, the most important problem in the validation of 

qualitative studies is how they can prove the objectivity of the researchers. Subjectivity may arise when 

researchers collect, record, or interpret data. If this quality is minimized, a qualified qualitative study will be 

possible (Yıldırım & Şimşek, 2006). In this study, the internal validity of categories and subcategories is 

provided by two experts in biology and biology education. In addition, in this study, two important processes 

were carried out in order to validate the results of the study. (a) Data coding and analysis (How conceptual 

categories were obtained) were discussed in detail (Hruschka, et al., 2004) (b) examples of opinions believed to 

represent the best of each category of prospective teachers during the study are presented in the findings section 

(Yıldırım & Şimşek, 2006). 

Morever, to ensure the reliability of the study, the codes and categories given by the two researchers were 

compared to verify whether the codes presented in each conceptual category represent the above-mentioned 
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conceptual categories. Two experts in the field of biology and biology education completed the list of codes and 

categories after the individual data was encoded. The consistency of the coding performed independently by the 

participants was determined by signs such as "Agreement" or "Disagreement". When the researchers used the 

same codes for prospective biology teachers' statements, these codes were accepted as agreement. However, 

when they used different codes, these codes were disagrement. When one of the researchers was unsure about 

coding, he asked the other's opinion and then coded the data. The reliability of the data analysis was calculated 

using the formula [Agreement / (Agreement + Dispute) x 100] (Miles and Huberman, 1994). The avarage 

reliability between the encoders was calculated as 96% for the free word-association test and 97% for the 

drawing-writing technique. Cronbach's alpha reliability coefficients were found to be 0.95 according to semantic 

differential attitude scale. 

2.4 Data Analysis 

The participants' answer sheets were numbered from 1 to 44 for data analysis. The data collected by free word 

association test and drawing-writing technique were analyzed according to content analysis (Finson, Beaver & 

Cramond, 1995). The main purpose of content analysis is to reach the concepts and relations that can explain the 

data. To achieve this goal, similar data are collected and organized within specific concepts, analyzed and readily 

understood by the reader. (Yıldirim and Simsek, 2006). 

Data collected by free word association test were analyzed by using word count, number of answers and 

semantic relationship techniques (Atasoy, 2004). Words with the same meanings are classified in the category of 

frequently mentioned words. Words that are not considered relevant, not related to other words, and 1 or fewer 

repeated words are not taken into account during data analysis. Words were categorized using the semantic 

relation criterion and frequency calculations of these words were made under each category. In many studies it 

has been reported that the use of such data analysis provides reliable results (Daskolia et al., 2006; Kostova and 

Radoynovska, 2008; Kostova and Radoynovska, 2010). 

Drawing writing technique; The drawings and explanations about the concept of water have been examined in 

two different sections. The collected data were analyzed according to content analysis. To achieve this, the 

statements provided by each participant in the concept of water are organized under certain categories and 

subcategories. The participants' drawings about the water concept were analyzed in the same way. Many 

drawings that are not relevant to the subject, drawings not related to other drawings, and drawings that are 

repeated only once are not taken into account. Furthermore, in both the free word association test and the 

drawing-writing technique, the interesting expressions in the texts provided by the participants are numbered 

(P21). In the drawing-writing technique, samples of the drawings provided by the participants were numbered 

and shown in a text such as P42. 

When the opinions of the participants about the semantic differential attitude scale of the water concept were 

evaluated, scoring from 1 to 5 was made. On the bipolar scale, positive adjectives were evaluated as 5 points and 

negative adjectives were evaluated as 1 point. According to this rating, there were differences between 

participants' positive and negative attitudes towards water. The internal validity of the categories and 

subcategories that emerged throughout the study was provided by two experts in biology and biology education, 

including the author. In addition, SPSS-20 was used to evaluate the semantic emotional difference attitude scale 

for water concept and Nvivo9.3 was used to construct Model 1. 

3. Results 

In this section were analyzed according to the order in which the data collection instruments were used. 

Therefore, firstly the data collected through the free-word association test were presented, then the data collected 

through the drawing-writing technique, and finally the data collected through the semantic differential attitude 

scale of the concept of water. 

3.1 The Results Determined Through Free Word-Association Test 

As a result of the analysis of the data collected through the free word-association test, 8 (eight) categories were 

specified through the words provided by the prospective biology teachers'. In this regard, the categories and the 

words in each category were listed. When these words were meaningless and repeated only one, they were not 

joined with the other words. Therefore, 17.35% (63 words) of these mentioned words were not included in the 

categories. As a result, these words not listed in the subcategories were not provided in Table 1. Related to the 

word, water, 68 words left were distributed among 8 (eight) categories. The words specified in each category and 

the categories were provided in Table 1. 305 words were specified in total.  
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Table 1. Associations with the Concept “Water” (Categories and Answers Included In Each Category and 

Cumulative Frequency of Response Words) 

Categories 
Associations included in categories 

and their frequencies 

Total frequency of 

associations in this category 

1. The place and importance of 

water in life 

 

“life” (22) 

83 

“lifeblood / alive / aliveness”(16) 

“source of life” (12) 

“cleanness” (8) 

“75% of living beings” (5) 

“basic drink” (5) 

“blood” (5) 

“health” (4) 

“illness” (2) 

“vital liquid” (2) 

“compulsory” (2) 

2. The definition and chemical 

properties of water 

 

  

“oxygen” (16) 

74 

“hydrogen” (13) 

“reaction” (9) 

“H2O” (8) 

“solvent” (5) 

“pH” (5) 

“minerals” (5)  

“chemical bonds” (4) 

“solution” (3) 

“dissolution” (3) 

3. Water and metabolism 

 

 

“photosynthesis” (7) 

55 

“metabolism” (5) 

“excretion” (5)  

“digestion” (5) 

“growth” (4) 

“kidney” (4) 

“germination” (4) 

“respiration” (4) 

“urine” (3) 

“homeostasis” (3) 

“osmosis” (3) 

“circulation” (2) 

“enzyme” (2) 

“cytoplasmic motion” (2) 

“development” (2) 

4. The physical properties of water 

 

“transportation” (5) 

32 

“pure/transparent” (3) 

“evaporation” (3) 

“freezing” (3) 

“melting” (3) 

“turgor/ pressure” (2) 

“condensation/volume” (2) 

“liquidity” (2) 

“energy” (2) 

“heat balance” (2) 

“drought” (2) 

5. Water resources and water cycle 

 

“sea” (7) 

26 

“lake” (5) 

“rain” (4) 

“stream” (4) 

“hail” (2) 

“snow” (2) 
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“ocean” (2) 

6. Water and species-kinds 

 

“cell” (6) 

 

 

 

24 

“plant” (6) 

“human” (2) 

“animal” (2) 

“root” (2) 

“seed (2) 

“fruit” (2) 

“leaf” (2) 

7. Water and environment 

 

“soil” (3) 

9 
“75% of the planet being water” (2) 

“ecosystem” (2) 

“nature/environment” (2) 

8. Water pollution 

 

“water pollution” (3) 
5 

“decomposition” (2) 

General Total 305 

 

As a result of the analysis of the data collected through the free word-association test and the words provided by 

prospective biology teachers, 8 categories were determined, namely, “The place and importance of water in life" 

(83), "The definition and chemical properties of water" (74), "Water and metabolism" (55), "The physical 

properties of water " (32), "Water resources and water cycle" (26), "Water and species-kinds" (24), "Water and 

environment" (9) and "Water pollution" (5). 

As can be concluded from Table 1, the answers provided by the participants concerning water mainly fell into 

the category “the place and importance of water in life”, which made it the dominant category. The answer words 

in this category mostly included “life”, “lifeblood/ alive/aliveness”, “source of life”,“cleanness”,“75% of living 

beings”, “basic drink”, “blood” and “health”, whereas a smaller number of participants used terms like “vital 

liquid” and “compulsory”. Moreover, the words those were provided in this category by the prospective teachers 

but not included in this category as they were stated only once are as follows: beauty, fade, hibernation and gill. 

In accordance with the answers provided by the participants, the second category was called “the definition and 

chemical properties of water”. The answers in this category mainly focused on such concepts as “oxygen”, 

“hydrogen”, “reaction”, “H2O”, “solvent”, “pH” and “minerals” while a small number of prospective biology 

teachers used concepts like “chemical bonds”, “solution” and “dissolution”. The finding suggests that the 

prospective biology teachers mostly associated water with the definition and chemical properties of water. Tthe 

words that were provided in this category by the prospective biology teachers but not included in this category as 

they were stated only once are as follows: non-polar, hydrophilic, elements, CO2, polarization and fleece. 

In accordance with the answers provided by the participants, the third category was named “water and 

metabolism”. In the category, prospective biology teachers more often used such words as “photosynthesis”, 

“metabolism”, “excretion”, “digestion”, “growth”, “kidney”, “germination” and “respiration”, whereas they 

less often referred to concepts like “urine”, “homeostasis”, “osmosis”, “circulation”, “enzyme”, “cytoplasmic 

motion” and “development”. Furthermore, the words that were provided in this category by the prospective 

biology teachers but not included in this category as they were stated only once are as follows: the cytoplasm and 

oil degradation. 

The fourth category was called “the physical properties of water”. The associations of the prospective biology 

teachers were mostly based on “transportation”, “pure/transparent”, “evaporation”, “freezing” and “melting”, 

while the words that were less frequently expressed included “turgor pressure”, “condensation/volume”, 

“liquidity”, “energy”, “heat balance” and “drought”. The participants were found to have insufficient cognitive 

structures considering the physical properties of water. Moreover, the words those were provided in this category 

by the prospective biology teachers but not included in this category as they were stated only once are as follows: 

clear, electrolyte and stress. 

In accordance with the answers provided by the prospective biology teachers, the fifth category was called 

“water resources and water cycle”. The participants mostly used such concepts as “sea”, “lake”, “rain” and 

“stream”. The ones that were less commonly used were “hail”, “snow” and “ocean”. Moreover, the words that 

were provided in this category by the student biology teachers but not included in this category as they were 

stated only once are as follows: drinking water and salty waters. 
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In accordance with the answers provided by the prospective biology teachers, the sixth category was called 

“water and species-kinds”. The participants mostly used such concepts as “cell” and “plant”. Other concepts 

included “human”, “animal”, “root”, “seed”, “fruit” and “leaf”. Furthermore, the words those were provided 

in this category by the prospective biology teachers but not included in this category as they were stated only 

once are as follows: fish and tree. 

In accordance with the answers provided by the prospective biology teachers, the seventh category was called 

“water and environment”. The concepts that were used by the participants included “soil” “75% of the planet 

being water”, “ecosystem” and “nature/environment”. Furthermore, the words that were provided in this 

category by the prospective biology teachers but not included in this category as they were stated only once are 

as follows: agriculture and resources. In this category, the prospective biology teachers were observed not to 

have any meaning relationships. 

In accordance with the answers provided by the prospective biology teachers, the eighth category was called 

“water pollution”. The participants expressed the concepts “water pollution” and “decomposition”. On the other 

hand, other words related to water pollution like ”infiltration”, “sewage”, “washing-up”, “laundry” and “toxic” 

were excluded owing to the fact that they had not been used more than once.  

Furthermore, certain sample explanations by the prospective biology teachers as to water are provided below:  

“Water occurs when H2 and O2 react with each other…” (P27).  

“…It is an essential compound for life…” (P27) 

“…water is life” (P29)  

“…At least two liters of water should be consumed a day for a healthy life. Water plays a key role especially in 

the activities of kidneys” (P34).  

“…food transmission has an important role in the volume of body liquids and maintenance of heat balance” 

(P43).  

“…sea, lake and stream are sources of water” (P13).  

“In plants, water is taken from roots and transported to leaves” (P30),  

“…it is necessary for soil, environment and nature; that’s why 75% of the planet is water…” (P7).  

“…what is important to me is the fact that water is being polluted. It is being polluted with different factors” 

(P20).  

3.2 The Results Determined Through Drawing-Writing Technique 

It is determined that the data collected through the drawing-writing technique to investigate prospective biology 

teachers' cognitive structures related to the concept of water fall into 9 categories in total. These can be listed as 

follows: The definition and chemical properties of water (52), The place and importance of water in life (51), 

Water resources and water cycle (38), Water and species-kinds (30), Water and metabolism (24), Water and 

environment (16), The physical properties of water (12), Use, awareness, culture and sustainability of water (10) 

and Water pollution (2). When the statements provided by the prospective biology teachers were analyzed, it was 

determined that they mostly used the terms, “vital activity” (17), “the continuation of life” (12), and “enzymes 

work” (9). However, it is seen that in this context, the findings of drawing are divided into 7 categories, and the 

findings of writing are into 9 categories (Table 2).  

Table 2. The Findings of the Categories and Subcategories Obtained Through Drawing-Writing Technique 

Related To the Concept of Water 

Main Category Sub-category Drawing (f) Writing (f) 

1. The definition and chemical  

properties of water 

“H” 6 4 

“O” 6 4 

“water molecule” 6 4 

“solver” - 4 

“inorganic matter” - 3 

“reaction” 2 2 

“chemical bond” 3 - 

“hydrogen bond” 3 - 

“explosive substance” - 3 

“mineral substance” - 2 
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“substance” - 2 

Total 25 27 

2. The place and importance  

of water in life 

“vital activity” - 17 

“the continuation of life” - 12 

“70% of human body comprised of water “ - 7 

“need” 3 2 

“the reason to live” - 2 

“drying wood” 2 - 

“cleaning” 2 2 

“living environment” - 2 

Total 7 44 

3. Water resources and water cycle 

 

“sea” 4 8 

“river” 7 - 

“rain” 3 2 

“cloud” 3 - 

“lake” 3 - 

“streams” 2 - 

“mountain” 2 - 

“creeks” 2 - 

“ocean” 2 - 

Total 28 10 

4. Water and species-kinds 

“tree/plant/the green plant” 9 2 

“human” 6 2 

“fish” 3 - 

“bird” 2 - 

“flower” 2 - 

“animal” 2 - 

“butterfly” 2 - 

Total 26 4 

 

5. Water and metabolism 

 

“enzymes work” - 9 

“photosynthesis” - 4 

“balancing body temperature” - 3 

“respiratory” - 2 

“growth” - 2 

“digestion” - 2 

“energy”  2 

Total - 24 

 

6. Water and environment 

“disrupted ecosystem/dried up lake” 2 4 

“75% of the world being water” 2 4 

“drying river” 2 - 

“global warming” - 2 

Total 6 10 

7. The physical properties of water 

“evaporation” - 4 

“melting” 2 2 

“opposite poles meeting” - 2 

“beginning of physical events” - 2 

Total 2 10 

8. Use, awareness,  

culture and sustainability  

of water 

“a glass of water/drinking  

water/pet bottle of water” 

6 - 

“avoiding extravagancy” - 2 

“culture of water” - 2 

Total 6 4 

9. Water pollution 
“waste disposal” - 2 

Total - 2 

General Total 98 135 
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However, according to Table 2, the findings of the prospective biology teachers‟ drawings related to the concept 

of water fall into 7 categories. These can be listed as follows: “The definition and chemical properties of water” 

(25), “The place and importance of water in life” (7), “Water resources and water cycle” (28), “Water and 

species-kinds” (26), “Water and environment” (6), “The physical properties of water” (2), and “Use, awareness, 

culture and sustainability of water” (6). A review of the drawings of the prospective biology teachers concerning 

water indicates that they mainly drew figures of trees/plant/the green plant (9), river (7), H (6), O (6), water 

molecule (6) and a glass of water/drinking water/plastic bottle (6).The examples of the figures provided by the 

prospective biology teachers related to the concept of water are provided in between Figure 4 and Figure 10. 

 

Figure 4. The Definition and Chemical Properties of Water (P10) 

 

 

Figure 5. The Place and Importance of Water in Life (P31) 

 

 
Figure 6. Water Resources and Water Cycle (P3) 
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Figure 7. Water and Species-Kinds (P29) 

 

 

Figure 8. Water and Environment (P17) 

 

 
Figure 9. The Physical Properties of Water (P6) 

 

 

Figure 10. Use, Awareness, Culture and sustainability of water (P16) 
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According to Table 2, the findings of the prospective biology teachers‟ writing related to the concept of water fall 

into 9 categories. These can be listed as follows: “The definition and chemical properties of water” (27), “The 

place and importance of water in life” (44), “Water resources and water cycle” (10), “Water and species-kinds” 

(4), “Water and metabolism” (10), “Water and environment” (10), “The physical properties of water” (10), 

“Use, awareness, culture and sustainability of water” (4) and “Water pollution” (2). 

The following include some of the exemplary statements provided by the prospective biology teachers and the 

corresponding categories regarding the concept of water; 

The examples determined in the category of “The definition and chemical properties of water"; 

“Water, which is comprised of a combination of 2 hydrogen atoms and 1 oxygen atom and source of life, is a 

compound with an exceptional place among other liquids…” (P9) 

“Water is a compound that is most commonly found in the human body. It is a combination of 2 hydrogen atoms 

and 1 oxygen atom…” (P10) 

The examples determined in the category of “The place and importance of water in life "; 

“Water is vital for human life. It constitutes 70% of human body. It is a must for living things…” (P2) 

“Water is important for humans to maintain their life.For living things to maintain their vital activities” (P19) 

The examples determined in the category of “Water resources and water cycle "; 

 “To me, water connotes rain. I think this is the source.” (P3) 

“…Water is actually is within a constant cycle in which the same water has evaporated and then turned into 

water over and over for billions of years.” (P4)  

The examples determined in the category of “Water and species-kinds "; 

“…no water, no life. Protoplasm, plants, animal and humans.” (P22)  

“…humans, plants, animals etc. cannot live without water…” (P24) 

The examples determined in the category of “Water and metabolism "; 

“Water paves the way for metabolic activities of living beings…” (P1) 

“…it is a must for the activities of enzymes, photosynthesis and respiration.” (P2) 

The examples determined in the category of “Water and environment "; 

“Water covers 75% of the world and accounts for the life of beings…” (P11) 

“Yes, water is life. But are we careful enough when consuming water in a disrupting environment?” (P16) 

The examples determined in the category of “The physical properties of water "; 

“A simultaneous combination of opposite poles, which results in a vital organ.” (P15) 

“…water molecules with an angle of 104.5 degree, also properties of melting and boiling. If these bonds did not 

stick together in this way, water would always remain in the form of gas and would not be able to turn into solid 

or liquid. A freezing point of +4 degree enables lakes to be frozen from the upper surface. In this way, a living 

environment is provided for marine life.” (P27) 

The examples determined in the category of “Use, awareness, culture and sustainability of water "; 

“…it is significant for cleaning. It ensures that microorganisms are cleaned and prevented from causing diseases. 

Microorganisms in water more often come to mind.” (P2) 

The examples determined in the category of “Water pollution "; 

 “We should treat waste” (P42) 

“Waste should not pollute our drinking water; measures should be taken to prevent this” (P44) 

3.3 The Results Determined Through the Semantic Differential Attitude Scale of the Concept of Water 

This study determined prospective biology teachers‟ conceptual structures about the concept of water as well 

their semantic attitudes towards this concept since affective dimension is very important in learning and success 

(Mayring & Rhöneck, 2003; Mayring, 2009; Pekrun, Götz, Daniels, Stupnisky, & Perry, 2010). Positive attitudes 

affect learning and success positively; on the other hand, negative attitudes affect these negatively. The 

descriptive values of the data collected on prospective biology teachers' attitudes towards the concept of water 

through the semantic differential attitude scale are provided in Table 3.  
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Table 3. The Findings of the Descriptive Values of the Data Collected Through the Semantic Differential Attitude 

Scale of the Concept of Water 

 

As indicated in table 3, while it was determined considering the values of arithmetic average that prospective 

biology teachers considered the concept of water as always compulsory ( X =5.00; 100%) in other words, 

positive attitudes, they adopted various attitudes determined as always safe ( X =4.38; 59.1%), partially neither 

simple nor complex ( X =3.22; 38.6%), always relaxing ( X =4.56; 70.5%), always valuable ( X =4.95; 95.5%), 

always necessary ( X =4.90; 90.9%), always useful ( X =4.81; 86.4 %), always clean ( X =3.93; 38.6%), always 

important ( X =4.77; 84.1%) and partially neither sustainable nor unsustainable ( X =3.97; 38.6%). These 

results indicate that the prospective teachers adopted different attitudes based on different adjectives. Each 

adjective was discussed and evaluated in its own context. In this vein, it was noticed that prospective teachers 

frequently considered the concept of water as compulsory, (100%), valuable (95.5%) and necessary (90.9%). On 

the other hand, total attitude scores were calculated by averaging the responses for all 10 pairs (mean = 4.94). An 

overall above 3.5 was defined as a positive-always attitude, a score between 3.5 and 2.5 was considered neutral, 

and a score below 2.5 represented a negative attitude (Lohr & Bummer, 1992). The prospective biology teachers‟ 

semantic attitudes toward water were found to be positive.  

3.4 The Model of the Prospective Biology Teachers’ Cognitive Structures about Water 

Through using the free word-association test and the drawing-writing technique and evaluating prospective 

biology teachers‟ views on water, their cognitive structures were mapped. As indicated in this model, according 

to the analyses, while 8 categories were determined in the prospective biology teachers' cognitive structures 

related to water though the free word-associated test, 7 categories in the drawings and 9 categories in the 

writings were determined through the drawing-writing technique. As a result of the analysis of the data collected 

through the free-word association test and the drawing-writing technique, 9 categories were determined in total 

in the prospective biology teachers' cognitive structures related to water. On the other hand, when the categories 

obtained through the free word-association test and drawing-writing technique completed by the prospective 

biology teachers' were analyzed, 3 categories (The place and importance of water in life, The definition and 

chemical properties of water and Water and metabolism) appear to be as the most commonly and frequently 

emerging categories and their cognitive structures are framed within these categories (Model 1). On the other 

hand, prospective biology teachers‟ semantic attitudes toward water were found to be positive.  

Semantic statements N Mean SD 

Always Usually Partially Usually Always 

f % f % f % f % f % 

compulsory- not compulsory 44 5.00 .00 44 100 - - - - - - - - 

safe-not safe 44 4.38 .81 26 59.1 9 20.5 9 20.5 - - - - 

simple-complex 44 3.22 1.15 8 18.2 8 18.2 17 38.6 8 18.2 3 6.8 

relaxing-tiring 44 4.56 .72 31 70.5 7 15.9 6 13.6 - - - - 

valuable-worthless 44 4.95 .21 42 95.5 2 4.5 - - - - - - 

necessary- unnecessary 44 4.90 .29 40 90.9 4 9.1 - - - - - - 

useful- harmful 44 4.81 .49 38 86.4 4 9.1 2 4.5 - - - - 

clean- dirty 44 3.93 .99 18 40.9 7 15.9 17 38.6 2 4.5 - - 

important- trivial 44 4.77 .56 37 84.1 4 9.1 3 6.8 - - - - 

sustainable-unsustainable 44 3.47 .87 16 36.4 11 25 17 38.6 - - - - 
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Model 1. The Model Created Through The Data Collected Via The Free Word-Association Test, The 

Drawing-Writing Technique, And The Semantic Differential Attitude Scale, “prospective Biology Teachers' 

Cognitive Structures Related To Water And Attitudes" 

 

3.5 The Prospective Teachers' Misconceptions about the Concept of Water 

One of the most important findings of the study is to determine that the prospective biology teachers had many 

misconceptions in each category of the concept of water. Constructivist epistemology endorses the view that 

eliciting what children already know and understand about scientific concepts is important, because prior 

knowledge affects future learning. Previous ideas should not be ignored if good learning outcomes are to be 

achieved (Scott, 1987; Selley, 1999) because they can form the basis of conceptual restructuring (Ausubel, 1968), 

so that meaningful learning can then take place. Therefore, it is essential to determine the participants' 

misconceptions about the concept of water. In this vein, the following include the participants' important 

misconceptions determined through the free word-association test and the drawing-writing technique: 

The misconceptions determined in the category of “The definition and chemical properties of water"; 

An example from the free word-association test: 

 ““Water occurs when H2 and O2 react with each other…” (P27)  

Examples from the drawing-writing technique:  

 “Water, which is comprised of a combination of 2 hydrogen atoms and 1 oxygen atom and source of life, is a 

compound with an exceptional place among other liquids…” (P9)  

“Water is a compound that is most commonly found in the human body. It is a combination of 2 hydrogen atoms 

and 1 oxygen atom…” (P10) 

 “Water is an extinguishing substance formed because of the combination of an inflammable element and an 

explosive substance.” (P23)  
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The misconceptions determined in the category of “Water and metabolism"; 

An example from the free word- association test: 

 “Plants take in water through photosynthesis and release it into the atmosphere through their leaves.” (P43) 

Examples from the drawing-writing technique:  

 “Water paves the way for metabolic activities…” (P1) 

“…enzymes are required for respiration; they are not compulsory, but important for photosynthesis.” (P4)  

The misconceptions determined in the category of “The physical properties of water "; 

Examples from the free word- association test  

“Ice melts; water evaporates.” (P31) 

“Water vapor merges into air in the form of bubbles.” (P44) 

The misconceptions determined in the category of “Water resources and water cycle"; 

An example from the free word- association test: 

 “…sea, lake and stream are sources of water.” (P13)  

Examples from the drawing-writing technique:  

“To me, water connotes rain. I think this is the source.” (P3) 

“…Water is actually is within a constant cycle in which the same water has evaporated and then turned into 

water over and over for billions of years.” (P4)  

The misconceptions determined in the category of “Water and species-kinds"; 

An example from the free word-association test: 

“In plants, water is taken in from roots and transported to leaves.” (P30)  

Examples from the drawing-writing technique:  

“…no water, no life. Protoplasm, plants, animals, humans.” (P22)  

“…humans, plants, animals etc. cannot live without water…” (P24) 

The misconceptions determined in the category of “Water pollution"; 

Examples from the free word- association test: 

 ““…What is important to me is the fact that water is being polluted. It is being polluted with different factors.” 

(P20) 

“Waste should not pollute our drinking water; measures should be taken to prevent this.” (P44) 

The misconceptions revealed on the basis of the data on the participants obtained through the drawing-writing 

technique were generally in parallel with those revealed through the free word-association test. On the other 

hand, no misconceptions were identified on the part of the participants considering the place and importance of 

water in life, water and environment, use of water, awareness of water, culture of water, and sustainability of 

water.  

4. Discussion and Implications 

The aim of the current study is to investigate prospective biology teachers' cognitive structures related to “water" 

using the free word-association test and the drawing-writing technique and determine through which adjectives 

they express their attitudes towards the concept of water. Cognitive structures of prospective teachers about 

water are important given that these structures will help them to structure the nature of biology and biology 

related concepts. In the current study, through the data collected using different measurement instruments, the 

prospective biology teachers‟ positive and negative associations related to water and their cognitive structures 

were revealed. In this vein, as a result of the analysis of the data collected through the free word-association test, 

8 categories were determined through the answer words provided by the prospective teachers, namely, “The 

place and importance of water in life”, “The definition and chemical properties of water”, “Water and 

metabolism”, “The physical properties of water”, “Water resources and water cycle”, “Water and 

species-kinds”, “Water and environment” and “Water pollution”. 305 words were specified in total. As a result 

of the analysis of the data collected through the drawing-writing technique, 9 categories were determined 

through the answer words provided by the prospective teachers, namely, “The definition and chemical properties 
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of water”, “The place and importance of water in life”, “Water resources and water cycle”, “Water and 

species-kinds”, “Water and metabolism”, “Water and environment”, “The physical properties of water”, “Use, 

awareness, culture and sustainability of water” and “Water pollution”. While in the drawing-writing technique, 

different categories, “Use, awareness, culture and sustainability of water” were determined, in the free 

word-association test. Moreover, in the drawing-writing technique, 9 categories were determined through 

analyzing the written statements, while through the drawings only 7 categories were determined. The categories 

that were not found in the drawings of the participants were “Water and metabolism” and “Water pollution”. As 

a result of the analysis conducted through different measurement instruments while determining common 

categories, it was found that different categories also revealed. This result confirms that the study has achieved 

its aim and indicates that through using different measurement instruments, it is possible to obtain detailed data 

that both support and differ from one another. 

In the overall analysis, it appeared that some of the prospective biology teachers did not write any meaningful 

sentence related to words, while some did not write any sentence. This might be attributed to the fact that they 

either did not want to write on purpose or did not write as they did not know. Most of the prospective biology 

teachers considered water in terms of its definition and chemical properties, which is generally the way 

prospective biology teachers are expected to form associations. However, this is not the desired and sufficient 

outcome. Considering the concepts provided by the prospective biology teachers, their cognitive structures 

related to the categories of the role and importance of water in life, the functions of water in living things and 

metabolism and the physical characteristics of water were found to be insufficient compared to the those related 

to the category of the definition of water and its chemical characteristics. Moreover, they less often preferred 

sources of water, the relationship between water and living beings and water pollution. Their statements revealed 

that their associations with defining water were insufficient, too. Although the concepts of the prospective 

biology teachers regarding “the definition of water and its chemical properties, the place and importance of 

water in life, functions of water in living beings and metabolism” were superficial, based on imperfect 

knowledge and not at the desirable level, their cognitive structures had conceptual validity. In the other studies 

conducted on university students, it was determined that students' cognitive structures were based on platitudes 

and imperfect knowledge. The results of this study are similar to those of the studies in the related literature. 

One of the most important results of the study is to determine that the prospective biology teachers had many 

misconceptions in each category of the concept of water. Constructivist epistemology endorses the view that 

eliciting what children already know and understand about scientific concepts is important, because prior 

knowledge affects future learning. Previous ideas should not be ignored if good learning outcomes are to be 

achieved (Scott, 1987; Selley, 1999) because they can form the basis of conceptual restructuring (Ausubel, 1968), 

so that meaningful learning can then take place. Therefore, it is essential to determine the participants' 

misconceptions about the concept of water. In this vein, the following include the participants' important 

misconceptions determined through the free word-association test and the drawing-writing technique:  

The misconceptions determined in the category of “The definition and chemical properties of water": An 

example: Water occurs when H2 and O2 react with each other…” (P27). It was determined that in the free 

word-association test and the drawing-writing technique, the prospective biology teachers‟ statements regarding 

the definition of water were incomplete and insufficient as the examples provided in these statements were 

related to hydrogen (H), oxygen (O), water molecule (H2O), and water considered as solvent. Similarly, it was 

reported that students‟ drawings of water (symbolic drawings) were not scientific and they could not understand 

it (Reis et al., 2002). Nyachwayaa et al. (2011) observed that the students in the study formulated water using the 

symbols of hydrogen (H) and oxygen (O). In addition, they used words like solvent and solution, and defined 

water as a solvent. In a study by Haidar and Abraham (1991), some of the students reported that water is a very 

good solvent by nature. Therefore, the findings of the present study seem to be supported by those in the 

literature. 

The misconceptions determined in the category of “Water and metabolism"; Examples: “Plants take in water 

through photosynthesis and release it into the atmosphere through their leaves.” (P43), “Water paves the way for 

metabolic activities…” (P1). The present study suggests that the significance of water for photosynthesis and 

respiration was not satisfactorily understood. Accordingly, it indicates that most of the participants did not take 

the necessity of water for photosynthesis into consideration in their cognitive structures. Several other studies 

have reported that prospective teachers do not refer to the effects of living beings on the water cycle or to 

photosynthesis in the carbon dioxide cycle (Celikler & Topal, 2011; Hill, 1997). 

The misconceptions determined in the category of “The physical properties of water "; Examples: “Ice melts; 

water evaporates.” (P31), “Water vapor merges into air in the form of bubbles.” (P44). It was revealed that 
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some of the participants did not take into account evaporation in the water cycle or phases of water for living 

beings. They expressed the phases of water only in simple terms. The literature contains similar findings in this 

respect (Gooding & Metz, 2011; Haland, 2010; Shepardson et al., 2009). 

The misconceptions determined in the category of “Water resources and water cycle"; Examples: “…sea, lake 

and stream are sources of water.” (P13), “To me, water connotes rain. I think this is the source.” (P3). In 

addition to certain misconceptions, the participants had unrelated and simple conceptual structures concerning 

water. Furthermore, it was observed that they had not touched on underground waters, one of the sources of 

water. Subjects associated with the water cycle are commonly found difficult by students (Ben-Zvi Assaraf & 

Orion, 2010a). Primary school, secondary school and high school students only focus on the water cycle between 

the atmosphere and land surface (Ben-Zvi Assaraf et al., 2012). 

The misconceptions determined in the category of “Water and species-kinds"; Examples: “In plants, water is 

taken in from roots and transported to leaves.” (P30), “…humans, plants, animals etc. cannot live without 

water…” (P24). Although the participants emphasized the significance of water for living beings, they did not 

attract attention to its place in the water cycle. Thus, they can be argued to have imperfect knowledge. 

Accordingly, the literature includes many findings on the fact that participants have a number of misconceptions. 

The students were found to insufficiently understand the link between plants and underground waters (Ben-Zvi 

Assaraf et al., 2012), not to understand the fact that water is absorbed by roots and to think that water is taken in 

through leaves (Levins & Pegg, 1993). 

The misconceptions determined in the category of “Water pollution"; Examples: ““…What is important to me is 

the fact that water is being polluted. It is being polluted with different factors.” (P20), “We should treat waste.” 

(P42). The participants did not specify the measures that should be taken to prevent water pollution. Therefore, 

they can be argued to have imperfect and insufficient knowledge. The literature contains similar findings in this 

respect (Boyes et al., 1999; Brody, 1994). 

The misconceptions revealed on the basis of the data on the participants obtained through the drawing-writing 

technique were generally in parallel with those revealed through the free word-association test. On the other 

hand, no misconceptions were identified on the part of the participants considering the place and importance of 

water in life, water and environment, use of water, awareness of water, culture of water, and sustainability of 

water. An overall view of the drawings of the prospective biology teachers suggests that they mostly defined 

water using the symbols H and O. Some of them connected them specifying an angle of 104.5 degree between 

them; however, they did not present them in the form of molecular bonds. Similarly, Reis et al. (2002) reported 

that students‟ drawings of water (symbolic drawings) were not scientific, whereas Nyachwayaa et al. (2011) 

found that they formulated water using the symbols H and O. In addition to being in parallel with those of 

primary school, secondary school and high school students, conceptual structures of prospective biology teachers 

also resemble those of other prospective teachers (Celikler & Topal, 2011). Considering the current study, it can 

be stated that the prospective Biology teachers' conceptual structures are not sufficient. Accordingly, scientific 

facts should be taught regarding this issue since there are many differences between the concepts used in daily 

life and scientific concepts (Bandiera, 2007). It is important for prospective biology teachers to obtain the 

necessary scientific facts about this issue for their success in their profession considering that they will be 

teachers of biology.  

While the associations determined in the study reflect students' platitudes (image), this situation is discussed in 

other studies conducted using different concepts and terms. It can be put forward that prospective biology 

teachers‟ cognitive structures about water are superficial. The current study revealed that of the 9 categories 

determined through both the free word-association test and the drawing-writing technique, 3 appeared as the 

dominant categories, namely, the place and importance of water in life, the definition and chemical properties of 

water and water and metabolism. The prospective biology teachers' levels of knowledge were found to be 

sufficient in these categories; however, it was also determined that they had some misconceptions about the 

concept of water. 

However, as is known, the concept of water is the most commonly used concept in many disciplines related to 

each other. It was also noticed that the prospective biology teachers had some misconceptions and alternative 

concepts in the majority of the categories determined as related to the concept of water. Alternative concepts and 

misconceptions are due to the fact that the connections between concepts cannot be structured completely in 

individuals' minds while they are learning concepts. Unless educators explain the basic characteristics of a 

concept and the differences between this concept and similar concepts precisely, students at various levels will 

have misconceptions. Before defining a concept, educators should first explain it reflecting its basic 
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characteristics and help understand its relationship with other concepts (Wandersee, Mintzes, & Novak, 1994). 

Thus, educators can prevent students from having misconceptions. 

Moreover, according to the results of this study, it was determined that prospective biology teachers did not have 

the expected level of biological literacy; because the expressions given to the writing technique revealed that 

prospective biology teachers could not go beyond just a few quite stereotyped focused only on water definitions. 

These students, who will be biology teachers when they graduate, were thought to be not equipped with the 

necessary knowledge. Future biology teachers should develop subjective interpretations of the importance of 

biology knowledge, think creatively, ask different questions and thoroughly evaluate the information. Thus, 

teaching concepts and conceptual learning should be given great importance.  

According to the results of the current study, it was determined that although the prospective biology teachers 

could make relationships in some of the main categories, though not sufficient; however failed to do so in some 

of the categories, and had some important misconceptions. Therefore, the conceptual biological literacy that 

prospective Biology teachers were expected to have could not be determined (Uno & Bybee, 1994). As stated by 

Kurt, Kaya, Ates, & Kilic, (2009), it was determined that the vast majority of the prospective biology teachers 

did not have biological literacy. It can be also stated that the prospective biology teachers‟ dates did not have 

biological literacy. The prospective biology teachers‟ semantic attitudes toward water were found to be positive. 

The participants of the study conducted by Praneetham and Thathong (2012) associated water, which is in 

alignment with the current study. 

Consequently, one of the most important factors that affect learning is the existing knowledge and conceptual 

structures. Individuals cannot attach meanings to ideas that do not correspond to scientific facts in these 

conceptual structures. If the concepts learned are not meaningfully acquired and structured, learning gets more 

difficult, leading to misconceptions and inaccurate information. Therefore, it is necessary to determine students' 

conceptual structures, inaccurate and incomplete information, and concepts before starting to teach. Teaching 

and learning should be planned through suitable strategies, methods, and techniques. Thus, students can code 

meaningfully new concepts and information in their minds, and create accurate correlation between these 

concepts and information, which leads to more meaningful and permanent learning. In some studies (Ben-Zvi 

Assaraf, 2012; Cin, 2004; Dickerson & Dawkins, 2004; Nyachwayaa et al., 2011) data were collected on the 

concept of water using various measurement tools. Data collection instruments such as Likert-type scales, 

drawing, drawing-writing, pictures, and photographs were used in these studies. The current study conducted 

through using the free word-association test, the drawing-writing technique, and the scale of semantic 

differential attitudes can be re-conducted with students and teachers using the interview technique in addition to 

different measurement techniques, which is believed to contribute to the literature. 
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